Hydrodynamic module
Wave field was determined using a multi-directional random wave model proposed by Mase (2000) , which is based on the energy balance equation with energy dissipation terms due wave breaking and diffraction. The energy dissipation term was formulated by using Goda's breaking criterion and the Rayleigh distribution's assumption for the wave heights. In the wave computation, the JONSWAP spectrum and the Mitsuyasu angular spreading function were employed.
The nearshore current field was determined based on the depth-averaged model. The FAVOR method was used in this module. The equations of motion and the continuity equation are represented as follows:
where, U and V are the depth average horizontal velocities in x and y directions. , 2006) . The quantities such as excess momentum fluxes, eddy viscosities, bottom shear stresses were determined using the root-mean square wave height and peak period of frequency spectrum. The continuity and motion equations were solved using the finite difference method based on the coordinate definition as shown in Fig. 1 . In the calculations, A x , A y and Vol are divided by the mean water depth. Instead of those fractions, l x , l y and A z were used. 
Sediment transport rate module
The total sediment transport rates in the cross-shore and longshore directions are defined as the sum of the bed load (q bx , q by ) and suspended load (q sx , q sy ):
The bed loads are determined by
where, A c is the dimensionless coefficients. u * is the friction velocity. u *c is the critical friction velocity. Ac is given by a function of median diameter, d 50 . The friction velocity u * , which presented by Sawaragi et al. (1985) , was used in order to take account of the interaction of waves and steady currents. The suspended sediment transport rates were determined by multiplying the local current velocities and sediment concentrations. The suspended sediment transport rates are expressed as: (6) where,  is the dimension-less coefficient. The depthaveraged concentration C was determined by solving the twodimensional advection diffusion equation for the concentration of suspended load, as given by:
where, P is the sediment pick-up rate based on the van Rijn model (van Rijn, 1985; Buttolph et al., 2006) .  s is the diffusion coefficient of sand, which was estimated from a function of bottom friction velocities and steady current velocities. The pick-rate P was modified as: (8) where, A is the dimensionless coefficient. d 50 is the median diameter of sand particles. τ s,max is the bottom shears tress due to waves and currents. τ cr is the critical bottom shear stress. w f is the settling velocity of sand, which is estimated by the Rubey formula.
Water depth change module
The changes in bottom elevation were calculated using the continuity equation of sediment transport rate proposed by Watanabe et al. (1986) . The profile changes in the run-up region, namely shoreline changes, were also determined from the continuity equation. The sediment transport rate in the run-up region was determined by extrapolating from one at a reference point (Kuroiwa et al., 2004) . The new bottom topography was fed back into the hydrodynamic and sediment transport computations.
COMPUTED RESULTS FOR NEARSHORE CURRENT FIELD Firstly, three model tests for nearshore currents around the coastal structures such as groin, river mouth and large scale cusp bathymetries were conducted. The computed results using the FAVOR method were compared with the stair-step boundaries.
A coastal structure
The significant wave height and period were set to 2.0m and 5.0s, respectively. Wave direction at the offshore boundary was 20 degrees. The bottom slope was 1/50. Fig.  2(a) shows the computed nearshore current field with the FAVOR method. A clockwise circulation flow was reproduced behind the coastal structure. Comparing with the computed result using stair-step grid, as shown in Fig. 1(b) , it was found that the current vectors along the breakwater computed by FAVOR method are smooth and slightly higher in magnitude. 
A river channel with river mouth
The significant wave height and period were 1.0m and 7.0s, respectively. The river flow velocity at the up-stream boundary was set at 0.1m/s. Figs. 3(a) and 3(b) show the computed results for the FAVOR method and stair-step grid, respectively. From these figures, it was confirmed that the discrepancy of the results without the FAVOR method is very clear. The current velocities near side walls in the river channel were smoothly computed. The values of the computed velocities by the FAVOR method around the river mouth were higher than those with step-stair. These computed results indicate that the presented model with the FAVOR method is very useful. 
A bathymetry with cusp
The nearshore current field on a bathymetry with cusp was computed as shown in Fig. 4 . The wave length of cusp was 400m in the alongshore direction. The wave height and period were set to 1.5m and 7.0s, respectively. The wave direction was 20 degrees. From Fig. 4 , it was found that the longshore current was generated and a clockwise circulation at the left side on the horn part of the cusp was also generated. The magnitude and direction of current vectors near shoreline computed by using the FAVOR method are different from the computed result with the stair-step boundaries. It was confirmed that the FAVOR method can apply to the computation of nearshore current near the shoreline on the cusp bathymetry.
(a) FAVOR method.
(b) Stair-step boundary. 
COMPUTED RESULTS FOR A 3D BEACH EVOLUTION
Two model tests for the 3D morphodynamic around detached breakwater and groins were performed. Furthermore, the model was applied to the tombolo formation due to the construction of the offshore structure in the field site.
Model tests for a 3D beach evolution
Secondly, model tests associated with (i) a breakwater with the length of 120m, and (ii) two groins with the length of 100m, were carried out. The domain of computation in the two tests was covered an area of 600m in the cross-shore direction and 800m in the longshore direction. The beach slope was 1/50. The beach evolution after 20 days was simulated. The wave height and period at the offshore boundary were set at 1.5m and 7.0s, respectively. In the case of the breakwater, two cases with the wave direction of 0 degree and 20 degrees were demonstrated. In the case of two groins, one case with the wave direction of 0 degree was simulated. The hydrodynamic computations were run 20 times to get the final bathymetry. The simulated bathymetries and nearshore current field after 20 days were shown in Figs. 5, 6, and 7. From those computed results, it was confirmed that the presented model can compute the bottom topographical change with the shoreline change. However, Fig. 7) , although the generation of local circulation flow was remarkable, the shoreline change between two groins was qualitatively reproduced.
(a) Bathymetry.
(b) Nearshore current. 
Comparison of the field measurement
Finally, the model was applied to the beach evolution around the offshore-type fishing port, the Kunnui port, located in Hokkaido, Japan (Kawaguchi et al., 1994) . The Kunnui fishing port was planned in 1985 and completed in 1994. The tombolo was rapidly formed behind the port within one year (1989 to 1990) . In this study, the beach evolution from 1989 to 1990 was used to verify the present model. The time variation of wave data input at the offshore boundary was set as shown in Fig. 8 . In order to predict the beach evolution, the significant wave height less than 0.75m was omitted and the waves for 112 days were taken into account, because the small waves did not contribute in the beach evolution. The computations of the wave and current models were roughly repeated 10 times to reach 1 year. The computed wave height distribution and nearshore current field on the bathymetry after 1 year are shown in Fig. 9 . The comparison of bathymetry after 1 year between the computed and measured results is shown in Fig. 10 . From this comparison, although the depth contour lines of 1m, 2m and 3m were advanced to the offshore direction due to the circulation behind the fishing port, the computed shoreline change is smaller than that of the field measurement. 
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CONCLUSIONS
The presented model uses the Fractional Area/Volume Obstacle Representation method to represent the complex boundaries containing the flow. By using the FAVOR method, the boundaries of the domain (including any obstacles in the flow) can evolve in time and thus can be used to simulate the changes of the seafloor or of the position and orientation of obstacles.
The simulations presented demonstrate the potential of the numerical methods to investigate a wide range of practical problems in coastal engineering. Firstly, the performance of the nearshore current model with the FAVOR method was investigated for breakwater, river mouth, and cusp. The nearshore current model using the FAVOR method is useful to predict steady currents in the vicinity of coastal structures. Secondly, the presented 3D beach evolution model was applied to the morphodynamics around the detached breakwater and two groins. Finally, the verification of the model was carried out by comparing the numerical model results against the field measurement. It was found, in the computation of 3D beach evolution with the shoreline changes, that the presented model can qualitatively compute the shoreline changes. From the comparison against the field measurement, the magnitude of the computed salient was different from the measured one. Possible some causes of the discrepancy are due to the estimation of total sediment transport rates.
Further development concern the estimation of total sediment transport is needed to improve the model prediction; this work will help with calibrating and validating the model.
